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(54) Filter medium and production method thereof 



(57) A filter medium has a function member (23) ac- 
commodated between two fiber layers. A production 
method for manufacturing a fitter medium includes the 
steps of: preparing a first fiber layer (21 ) having a shape 
Identical to that of a side surface of the filter medium; 
disposing a function member (23) on a surface of the 
first fiber layer (21); and forming a second fiber layer 
(22) by spinning partially melted fibers onto the function 



member (23) disposed on the surface of the first fiber 
layer (21). Therefore, it is unnecessary to carry out 
press-fomning in a state in which the function member 
(23) is sandwiched between nonwoven fabrics, and a 
countenneasure to prevent the function member (23) 
from falling out and a countermeasure to prevent the 
nonwoven fabric from being from by the function mem- 
ber (23) are unnecessary. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

[0001] The invention relates to a filter medium and a 
method for producing the filter medium using a function 
member accommodated between two fiber layers. 

2. Description of Related Art 

[0002] As a filter for an intemal combustion engine, 
for example, a filter of a sandwich structure in which ac- 
tivated carbon for absorbing fuel vapor Is accommodat- 
ed between nonwoven fabrics which filters air is used. 
Fig. 12 Is an exploded perspective view showing a por- 
tion of a production process of a filter 100. 
[0003] In producing Ihe filler 1 00, a flat nonwoven fab- 
ric is first produced. Next, activated cariaon is accom- 
modated between two sheets of the nonwoven fabric, 
and the sheets of nonwoven fabric are press-formed into 
a conjugated shape, thereby forming a filter body 102. 
Then, both corrugated ends of the filter body 102 are 
adhered to side sheets 104 and the filter body 102 is 
maintained in a predetermined shape, thereby complet- 
ing the filter 100. 

[0004] In the above production method of the filter 
100, however, the activated carbon is sandwiched be- 
tween the two sheets of nonwoven fabric and then the 
sheets of nonwoven fabric are press-formed into the 
corrugated shape to form the filter body 1 02. Therefore, 
when the sheets of nonwoven fabric an press-fomied, it 
is necessary to prevent the activated carbon from falling 
out as well as to prevent the nonwoven fabric from being 
torn. Thus, there is a problem that much labor is required 
for f onning the filter 1 00, thereby increasing the produc- 
tion cost. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the invention to improve the 
forming efficiency when a filter medium Is produced, as 
well as to reduce the production cost of the filter medi- 
um. 

[0006] According to a first aspect of the invention, 
there is provided a production method of a filler medium 
comprising the steps of: preparing a first fiber layer 
formed into the same shape as that of one side surface 
of the filter medium; disposing a function member on a 
surface of the first fiber layer; and forming a second fiber 
layer by spinning partially melted fibers on the function 
member disposed on the surface of the first fiber layer. 
[0007] According to the first aspect, the filter medium 
can be fomied by laminating the function member and 
the second fiber layer in this order on the first fiber layer 
which is formed in a shape identical to that of one side 
surface of the filter medium. Thus, It is unnecessary to 



carry out press-fomiing in a state in which the function 
member is sandwiched between nonwoven fabrics. 
Therefore, a countenneasure to prevent the filter medi- 
um from falling out and a countermeasure to prevent the 

5 nonwoven fabric from being torn by the filter medium 
are unnecessary. Therefore, the fomning efficiency 
when the filter medium is fomned is improved and the 
production cost of the fitter medium can be reduced. 
[0008] Here, the function member may include vari- 

10 ous members such as a member having a function of 
absortDing fuel vapor, a member having a moisture ab- 
sortDing function, a member having a deodorant func- 
tion, and a member having a function of reinforcing the 
filter medium. 

15 [0009J In the above aspect, the partially melted fibers 
can be spun to a die surface to fomri the firat fiber layer. 
This facilitates the fomning of the first fiber layer 
[0010] in the above aspect, a recess of a bag-like por- 
tion provided in a filler portion of Ihe first fiber layer can 
20 be filled with the function member. With this, even if the 
recess tries to deform by negative pressure of fluid flow- 
ing through the bag-like portion, the defomriation is sup- 
pressed by the function member filled in the recess. 
Therefore, it is possible to prevent the ventilation resist- 
ance of the filter medium from being increased. 
[0011] In the above aspect, the function member may 
be disposed inward of an edge of the first fiber layer, 
and the second fiber layer may be laminated on this 
function member and the first fiber layer By doing this, 
the function member is sealed by the joined portion be- 
tween the edge of the first fiber layer and the edge of 
the second fiber layer. Thus, the function member does 
not fall out from between the first fiber layer and the sec- 
ond fiber layer irrespective of whether the function mem- 
ber is powdery or granular 

[001 2] In the above aspect, in a state in which the sec- 
ond fiber layer has plasticity, superposed edges of the 
first fiber layer and the second fiber layer can be 
pressedpressed together. By doing this, the edge of the 
first fiber layer and the edge of the second fiber layer 
can be joined to each other strongly and the sealing 
strength of the edge of the filter medium is enhanced. 
Further, since the edge is cured into a plate-like shape, 
the edge becomes a support flange for the filter medium 
and the rigidity of the entire filter medium is enhanced. 
[0013] In the above aspect, the function member may 
be disposed such that an edge thereof is located out- 
ward of an edge of the first fiber layer This enables a 
support flange to be formed by the function member on 
the edge of the filter medium. 

[0014] According to a second aspect of the invention, 
the filter medium comprises a first fiber layer formed in 
a shape Identk^al to that of one side surface of the filter 
medium and having a filter portion including a bag-like 
portion; a function member filled In the bag-like portion 
of the first fiber layer; and a second fiber layer disposed 
on a surface of the function member. Therefore, it Is un- 
necessay to cany out press-forming in a state in which 
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the function member is sandwiched between the non- 
woven fabrics, the fomiing efficiency when the filter me- 
dium is tomried is improved, and the production cost of 
the filter medium can be reduced, Further, even if the 
recess tries to deform In a contractive direction by neg- 
ative pressure of fluid passing through the bag-like por- 
tion, the deformation is suppressed by the function 
member filled In the recess. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] These and other objects, advantages and sa- 
lient features of the invention will be described in or are 
apparent from the following detailed description of ex- 
emplary embodiments, wherein like numerals represent 
like parts, and vyherein; 

Figs. 1A through 1C are schematic views showing 
production steps in a produclton method of a filler 
according to a first embodiment of the Invention; 
Fig. 2A is a schematic perspective view of a filter 
producing system, and Fig. 2B Is a transverse sec- 
tional view of a portion 28 in Fig. 2A; 
Fig. 3A through 3C arc schematic views showing 
production steps In a production method of a filter 
accordingto a second embodiment of the Invention; 
Fig. 4A is a schematic perspective view of a filter 
producing system, and Fig. 4B is a transverse sec- 
tional view of a portion 4B in Fig. 4A; 
Fig. 5A Is a schematic perspective view of a filter 
producing system accordingto a third embodiment 
of the invention, Fig. 5B is a sectional view of a por- 
tion 5B in Fig. 5A, and Fig. 5C Is a perspective view 
of a fitter; 

Fig. 6 Is a perspective view showing a step of pres- 
surizing an edge of the filter; 
Fig. 7 is a vertical sectional view of a filter according 
to a fourth embodiment of the invention; 
Figs. 8A through 8C are schematic views showing 
production steps in a production method of the filter 
according to a fourth embodiment of the invention; 
Figs. 9A through 9C are schematic views showing 
production steps in another production method of 
the filter according to the fourth embodiment of the 
Invention; 

Fig. 1 0 is a vertical sectional view of a filter accord- 
ing to a fifth embodiment of the invention; 
Figs. 11 A through 11 D are schematic views show- 
ing production steps in a production method of the 
filter according to the fifth embodiment of the inven- 
tion; and 

Fig. 12 is an exploded perspective view showing a 
conventional production process of a filter 



DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

First Embodiment 

5 

[001 6] A production method of a filter medium accord- 
ing to a first embodiment of the invention will hereinafter 
be described based on Figs. 1, 2 end 6. This embodi- 
ment relates to a production method of a filter medium 

10 (filter, hereinafter). Figs. 1A. IB and 1G are schematic 
views showing production steps of the filter, and Figs. 
2A and 2B are schematic perspective views of a filter 
producing system. Fig. 6 is a perspective view showing 
a step of pressurizing an edge of the filter. 

IS [0017] As shown In Fig. 6, a filter 1 0 comprises a filter 
body 1 2 formed in a corrugated shape, and an outer pe- 
ripheral frame 14 constituting a periphery of the filter 
body 12. The filter body 12 and the outer peripheral 
frame 14 are in leg rally formed together. 

20 [0018] As shown In Fig. 2B and the like, the filter 10 
comprises an activated carbon 23 which absorbs fuel 
vapor or the like, The activated carbon 23 is sandwiched 
between a first nonwoven fabric 21 and a second non- 
woven fabric 22. A layer of the activated carbon 23 is 

25 formed at a predetermined position of the filter body 1 2 . 
Fig. 2B is a transverse sectional view of a portion 2B in 
Fig. 2A. 

[0019] As shown In Fig. 2A, a filter producing system 
1 includes a production line R extending In a Y direction. 

30 A plurality of fonming dies 2 are disposed on the produc- 
tion line R such that the fonning dies 2 can move hori- 
zontally along the production line R. Each forming die 2 
includes a forming surface 2f of a shape identical to that 
of a back surface of the filter 1 0, and may be made, for 

35 example, of pemneable metal mesh. 

[0020] Spinning nozzles 4 are positioned at a con- 
stant height in the production line R. A plurality (five in 
Fig. 2A) of spinning nozzles 4 disposed in a widthwise 
direction of the production line R are used as a set, and 

40 two sets of these spinning nozzles 4 are provided In the 
Y direction. The spinning nozzles 4 of one of the sets 
disposed upstream of the production line R are called 
upstream nozzles 4F, and spinning nozzles 4 of the oth- 
er set disposed downstream are called downstream 
nozzles 4K. 

[0021] The spinning nozzles 4 are nozzles utilizing a 
melt-blow method, for example, in which fiber resin in- 
jected from an extruder (not shown) is deposited on the 
forming surface 2f of the forming die 2. At this time, the 

50 resin fibers are in a partially melted state. Fibers spun 
to the forming surface 2f come into contact with each 
other and fuse, and a layer of those fibers becomes non- 
woven fabric. It is also possible to use nozzles utilizing 
a spin-bonding method as the spinning nozzles 4. 

55 [0022] A production method of the filter 1 0 will be de- 
scribed next. 

[0023] First, a forming die 2 is moved horizontally in 
the Y direction along the production line R. Then, when 
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a front tip end with respect to the Y direction of the die 
2 reaches a position directly below the upstreanr^ noz- 
zles 4F, partially melted fibers 4S spun out from the up- 
stream nozzles 4F are deposited onto the forming sur- 
face 2f of the fomiing die 2. At this time, since the fomn- 
ing die 2 continues moving in the Y direction with respect 
to the upstream nozzles 4F. the partially melted fibers 
4S are supplied to the entire length of the forming sur- 
face 2f of that fomning die 2, beginning from the front tip 
end side. The supplied fibers 4S come into contact with 
each other and fuse at the contact points, and a layer of 
those fibers 4S becomes the first nonwoven fabric 21 . 
[0024] The forming die 2 covered with the first non- 
woven fabric 21 in this manner is transferred to a posi- 
tion where the activated carbon 23 is supplied, and the 
activated carbon 23 is deposited onto a predetenmined 
position corresponding to the filter body 12 as shown in 
Fig. IB. At this time, a range in which the activated car- 
bon 23 is deposited is set such that the aclivaled carbon 
23 is not deposited on an edge 21 e of the first nonwoven 
fabric 21 (see Fig. 2A). 

[0025] When the forming die 2 on which the activated 
carbon 23 has been deposited on the first nonwoven 
fabric 21 reaches the downstream nozzles 4K, partially 
melted fibers 4Q spun out from the downstream nozzles 
4K are deposited. 

[0026] At this time, since the forming die 2 continues 
moving in the Y direction with respect to the downstream 
nozzles 4K, the partially melted fibers 4Q are supplied 
onto the entire length of the first nonwoven fabric 21 and 
the activated carbon 23 on the fomning die 2, beginning 
from the front tip end side. The supplied fibers 4Q come 
into contact with each other and are fused at the contact 
points, and the layer of those fibers 4Q becomes the 
second nonwoven fabric 22. At this time, the fibers 4Q 
of the second nonwoven fabric 22 and the fibers 4S of 
the first nonwoven fabric 21 come into direct contact with 
each other at a portion where the layer of the activated 
carbon 23 does not exist, i.e., at the edge 21 e of the 
first nonwoven fabric 21 . Therefore, the fibers 4S and 
4Q are fused at the contact points and the second non- 
woven fabric 22 is adhered to the first nonwoven fabric 
21. 

[0027] When the fonnation of the second nonwoven 
fabric 22 In this manner In complete, as shown in Fig. 6, 
the edge 22e of the second nonwoven fabric 22 super- 
posed on an edge 21 e of the first nonwoven fabric 21 is 
pressed by rollers 29. for example. With this operation, 
the edge 21 e of the first nonwoven fabric 21 and the 
edge 22e of the second nonwoven fabric 22 are strongly 
joined to each other and the sealing strength of the edge 
of the filter 10 is enhanced. Further, since the edges 21 e 
and 22e of the nonwoven fabrics 21 and 22 are cured 
Into resin plates, the edges 21e and 22e become a sup- 
port flange for the filter 1 0, and rigidity of the entire filter 
1 0 Is enhanced. It is also possible to use a press or the 
like instead of the rollers 29. 

[0028] According to the above-described production 
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method of the filter 10, the filter 10 can be produced by 
laminating the first nonwoven fabric 21 , the activated 
cart3on 23 and the second nonwoven fabric 22 on the 
forming surface 2f of the fomiing die 2 in this order. 

5 Therefore, unlike a conventional method, a press-form- 
ing step, an adhering step and the like are unnecessary, 
and the production efficiency of the filter 1 0 is improved. 
Further, since the edge 22e of the second nonwoven 
fabric 22 is directly laminated and fused to the edge 21 e 

10 of the first nonwoven fabric 21 , the activated carbon 23 
does not fall out from between the first nonwoven fabric 
21 and the second nonwoven fabric 22. Further, since 
the edge 22e of the second nonwoven fabric 22 is su- 
perposed on the edge 21 e of the first nonwoven fabric 

15 21 and is pressed in this state, the edges 21 e and 22e 
of the nonwoven fabrics 21 and 22 are strongly joined 
to each other, and the sealing strength of the edge of 
the filter 10 is enhanced. 

[0029] Although the edge 21 e of the first nonwoven 

20 fabric 21 and the edge 22e of the second nonwoven fab- 
ric 22 are pressurized from a thickness direcfion thereof 
in the above description, it is also possible to pressurize 
the nonwoven fabrics 21 and 22 from a widthwise direc- 
tion of the edges 21c and 22c. 

25 [0030] Also, since the corrugated portion of the filter 
body 1 2 is fonned using the fomning surface 2f of the 
forming die 2. excessive tensile forces are not applied 
to the outer surfaces of the nonwoven fabrics 21 and 22, 
unlike a case in whch flat nonwoven fabrics or the like 

30 are bent to form the corrugated portion. Therefore, the 
nonwoven fabrics 21 and 22 are less prone to breaking, 
and there is not the drawback of the acfivated carbon 
23 falling out overtime. In the present embodiment, the 
above-described activated carbon 23 corresponds to a 

35 function member of this Invention, and the fomning sur- 
face 2f of the forming die 2 corresponds to a die surface 
of this invention. 

[0031] A particulate activated carbon, a powdery ac- 
tivated carbon or an activated carbon fiber, for example, 
40 may be used as the activated cartDon 23, 

Second Embodiment 

[0032] A production method of a filter according to a 
45 second embodiment of the invention will hereinafter be 
described based on Figs. 3 and 4. This embodiment re- 
lates to a production method of a filler in which a skele- 
ton framework is incorporated between nonwoven fab- 
rics, and apparatuses and the like used in the first em- 
50 bodiment are used. The apparatuses and the like used 
in the first embodiment are designated with the same 
numbers, and a description thereof is omitted. 
[0033] Rrst, as with the first embodiment, the forming 
die 2 is moved horizontally in the Y direction along the 
55 production line R. and when the front tip end of the form- 
ing die 2 reaches a position directly below the upstream 
nozzles 4F, the partially melted fibers 4S spun out from 
the upstream nozzles 4F are deposited on the forming 
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surface 2f of the forming die 2 (see Fig. 3A). Thus, the 
first nonwoven fabric 21 is formed by the partially melted 
fibers 4S on the forming surface 2f of the forming die 2, 
beginning from the front tip end side. 
[0034] Next, as shown in Fig. 3B, a skeleton frame 30 5 
Is set at a predetermined position on the forming die 2 
covered with the first nonwoven fabric 21 . As shown in 
Fig. 4A, the skeleton frame 30 comprises a plurality of 
beams 32 and columns 34, and Is substantially the same 
shape as the filter 1 0. The size of the skeleton frame 30 io 
is so set that the skeleton frame 30 can be accommo- 
dated on the edge 21 e of the first nonwoven fabric 21 . 
[0035] When the fomriing die 2 on which the skeleton 
frame 30 is set on the first nonwoven fabric 21 reaches 
the position of the downstream nozzles 4K, the partially is 
melted fibers 4Q spun out from the downstream nozzle 
4K are deposited. With this, the second nonwoven fabric 
22 is formed by the partially melted fibers 4Q on the first 
nonwoven fabric 21 and the skeleton frame 30, begin- 
ning from the front tip end side as shown in Figs. 3C and 20 
4B. Fig. 4B is a transverse sectional view of a portion 
43 in Fig. 4A. 

[0036] At this time, the fibers 4Q of the second non- 
woven fabric 22 como into direct contact with a portion 
of the surface of the first nonwoven fabric 21 where the 25 
beams 32 and the columns 34 of the skeleton frame 30 
do not exist. As a result, the fibers 4S and 4Q fuse at 
the contact points and the second nonwoven fabric 22 
Is adhered to the first nonwoven fabric 21 . 
[0037] When deposition of the second nonwoven fab- 30 
ric 22 is complete, the edge 22e of the second nonwo- 
ven fabric 22 superposed on the edge 21c of the first 
nonwoven fabric 21 is pressed and strongly joined (us- 
ing a roller 29 or the like, for example) in the same man- 
ner as that of the first embodiment, and the edges 21 e 35 
and 22e are cured into a plate and become a support 
flange for the filter 1 0. 

[0038] According to the production method of the filter 
10, the filter 10 can be produced by laminating the first 
nonwoven fabric 21 , the skeleton frame 30 and the sec- 40 
ond nonwoven fabric 22 on the fomning surface 2f of the 
fomriing die 2 In this order, thereby increasing the pro- 
duction efficiency of the filter 10. Further, since the skel- 
eton frame 30 Is incorporated between the first nonwo- 
ven fabric 21 and the second nonwoven fabric 22, the 45 
rigidity of the filter 10 Is greatly enhanced. In this em- 
bodiment, the above-mentioned skeleton frame 30 cor- 
responds to the function member of this invention. 



Third Embodiment 



so 



[0039] A production method of a filter according to a 
third embodiment of the invention will hereinafter be de- 
scribed based on Fig. 5A-5C. In a filter 40 according to 
this embodiment, the size of the skeleton frame 30 used ss 
in the filter 10 according to the second embodiment is 
changed such that an end edge of the edge 30e of the 
skeleton frame 30 can be disposed on the outside of the 



edges 21 e and 22e of the nonwoven fabrics 21 and 22. 
The other structure Is the same as that of the filter 10 
according to the second embodiment. Thus, the appa- 
ratuses and the like used in the second embodiment are 
designated with the same numbers, and a description 
thereof is omitted. 

[0040] As In the second embodiment, the skeleton 
frame 30 according to the third embodiment has a plu- 
rality of beams 32 and columns 34 such that it is sub- 
stantially the same shape as the filter 40. A frame-like 
edge 30e is formed around the periphery of the columns 
34 and the like. The size of the skeleton frame 30 is set 
such that a region wider than the first nonwoven fabric 
21 can be covered. In a state in which the skeleton frame 
30 is set on an upper surface of the first nonwoven fabric 
21 , as shown in Figs. 5A and 58, the edge 30e of the 
skeleton frame 30 projects from the edge 21 e of the first 
nonwoven fabric 21 by a predetermined length. 
[0041] When the skeleton frame 30 is set on the upper 
surface of the first nonwoven fabric 21 , the partially melt- 
ed fibers 4Q are spun to a region which is equivalent to 
the region of the first nonwoven fabric 21 at a position 
corresponding to the downstream nozzles 4K ao as to 
form tho second nonwoven fabric 22. At this time, the 
fibers 4Q of the second nonwoven fabric 22 come into 
direct contact with each other at a portion where the 
beams 32 and the columns 34 of the skeleton frame 30 
do not exist, and the second noawoven fabric 22 is ad- 
hered to the first nonwoven fabric 21 (see Fig. 5C). 
[0042] When the second nonwoven fabric 22 is 
formed, the filter 40 is complete. The edge 30e of the 
skeleton frame 30 projected from the edges 21 e and 22c 
of the nonwoven fabrics 21 and 22 becomes a support 
flange of the filter 40. A hard material having a neces- 
sary strength for reinforcingthe filter 10 and anecessary 
strength for the support flange Is used as a material for 
the skeleton frame 30. 

[0043] In this way, according to the above-described 
production method of the filter 40, the filter 40 and the 
support flange 30e for the filter 40 can be produced at 
the same time by superposing the first nonwoven fabric 
21 , the skeleton frame 30 and the second nonwaven 
fabric 22 on the fomning surface 2f of the forming die 2 
in this order. Therefore, the step of forming the support 
flange by pressurizing the edges 21 e and 22e of the 
nonwoven fabrics 21 and 22 is unnecessary. 
[0044] Although the activated carbon 23 or the skele- 
ton frame 30 is accommodated between the nonwoven 
fabrics 21 and 22 in the first through the third embodi- 
ments, both the activated carbon 23 and the skeleton 
frame 30 may be accommodated between the nonwo- 
ven fabrics 21 and 22. Altematlvely, it is also possible 
to accommodate various materials having a function re- 
qu ired for the filter 1 0 between the nonwoven fabrics 21 
and 22. 

[0045] Also, although an example was given In which 
the filter 10 comprises the fomning die 2 having a corru- 
gated forming surface 2f , the shape of the forming sur- 
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face 2f can be changed appropriately. 
[0046] In addition, although an exannple was given in 
which the spinning nozzles 4 arc disposed upstream 
and downstream in die production line R. it is also pos- 
sible to fomi the first nonwoven fabric 21 and the second 
nonwoven fabric 22 by disposing the spinning nozzles 
4 in one place and moving the fomiing die 2 forward in 
the Y direction to form the first nonwoven fabric 21 , then 
moving the forming die 2 backward to the original posi- 
tion, and then moving it forward again tofonn the second 
nonwoven fabric 22. Alternatively, the second nonwo- 
ven fabric 22 could be formed while the die 2 Is being 
moved backward. 

[0047] Also, the lamination structure of fibers In the 
filter and/or the material for the filter can be changed as 
desired by disposing the spinning nozzles in a plurality 
of locations on the production line and changing the di- 
ameter and material of the fiber at each spinning nozzle 
4. 

[0048] In a filter having the skeleton frame 30 between 
the nonwoven fabrics 21 and 22, after the second non- 
woven fabric 22 is formed, the surface of the filter may 
be pressurized by a press, thereby shaping the entire 
filter. 

Fourth Embodiment 

[0049] A filter and a production method of the filter ac- 
cording to a fourth embodiment of the invention will 
hereinafter be described based on Figs. 7 to 9. In a filter 
50 according to the fourth embodiment, the position 
where the activated carbon 23 is accommodated is 
changed as compared to the filter 1 0 of the first embod- 
iment. The other structure is the same as that of the filter 
10 according to the second embodiment. Thus, the ap- 
paratuses and the like used in the first embodiment are 
designated with the same numbers, and a description 
thereof is omitted. 

[0050] As shown in Fig. 7, the filter 50 according to 
this embodiment comprises a first nonwoven fabric 51 , 
a second nonwoven fabric 52 and particles of activated 
carbon 23 sandwiched between both of these nonwo- 
ven fabrics 51 and 52. The first nonwoven fabric 51 in- 
cludes a corrugated portion 51 n which becomes a filter 
body (filter portion), and an edge 51 h which becomes 
an outer peripheral frame. The particles of the activated 
carbon 23 are accommodated in recesses Six, which 
have inverse triangular cross sections, of the corrugated 
portion 51 n so as to fill in those recesses 51 x. The sec- 
ond nonwoven fabric 52 is formed into a flat plate shape 
identical to a plan-view shape of the first nonwoven fat>- 
ric 51. An edge 52h of the second nonwoven fabric 52 
is joined to the edge 51 h of the first nonwoven fabric 51 . 
With this structure, the recesses 51 x are closed by the 
second nonwoven fabric 52 and the activated carbon 23 
is accommodated between the first nonwoven fabric 51 
and the second nonwoven fabric 52. 
[0051] In this embodiment, the conugated portion 51 n 
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corresponds to a bag portion. 

[0052] Next, a production method of the filter 50 will 
be described based on Figs. 8A through SC. 
[0053] First, the first nonwoven fabric 51 having the 
5 conrugated portion 51 n and the edge 51 h is prepared. 
As the first nonwoven fabric 51 , an existing filter may be 
used as it is, for example, or a new first nonwoven fabric 
51 may be produced by pressing a flat plate-like non- 
woven fabric. 

10 [0054] The first nonwoven fabric 51 prepared in this 
manner is set on the production line R of the filter pro- 
ducing system 1 described in the first embodiment. 
Here, in the filter producing system 1 described in the 
first embodiment, the first nonwoven fabric 21 is formed 
15 using the fonning die 2. In the fourth embodiment, how- 
ever, since the first nonwoven fabric 51 has already 
been formed, the forming die 2 is unnecessary. 
[0055] When the first nonwoven fabric 51 is set on the 
production line R in this manner, the production line R 
is moved horizontally in the Y direction. When the first 
nonwoven fabric 51 Is transferred to a supply position 
of the activated carbon 23, as shown in Fig. 8B, the par- 
ticles of the activated carbon 23 are supplied to the re- 
cesses 51 x of the corrugated portion 51 n of the first non- 
woven fabric 51 , and the recesses 61 x are filled with the 
activated carbon 23. At this time, a dispersion range of 
activated carbon 23 is set such that the particles of the 
activated carbon 23 are not applied to the edge 51 h of 
the first nonwoven fabric 51 . Here, the recesses 5 1 x be- 
ing filled with the activated carbon 23 refers to accom- 
modating in the recesses 51 x activated carbon 23 of an 
amount so as to suppress, as much as possible, defor- 
mation when wall surfaces of the recesses 51 x try to 
deform in a direction In which the wall surfaces tightly 
contact each other by a negative pressure of fluid. 
[0056] When the first nonwoven fabric 51 whose re- 
cesses 51 x are filled with the activated carbon 23 reach- 
es the position of the downstream nozzles 4K, the par- 
tially melted fibers 4Q spun out from the downstream 
nozzles 4K are deposited. 

[0057] With this operation, as shown in Fig. 8C, the 
second nonwoven fabric 52 is fomied on the first non- 
woven fabric 51 and the activated carbon 23 by the par- 
tially melted fibers 4Q, beginning from the front tip end 
side of the first nonwoven fabric 51 . At this time, at the 
edge 51 h of the first nonwoven fabric 51 , the fibers of 
the edge 51 h and the fibers 4Q of the second nonwoven 
fabric 52 come into contact with each other such that 
these fibers are fused at the contact points and the first 
nonwoven f£ibric 51 is adhered to the second nonwoven 
fabric 52. Thus, the particles of the activated carbon 23 
are accommodated between the first nonwoven fabric 
51 and the second nonwoven fabric 52 to complete the 
filter 50. 

[0058] In the above-described production method of 
the filter 50. an existing filter may be used as the first 
nonwoven fabric 51 , or the first nonwoven fabric 51 may 
be produced by pressing a flat plate-like nonwoven fab- 



25 



30 



35 



40 



45 



50 



BJ^SOOaD:<EP 1149e20A2l> 



11 



EP 1 149 620 A2 



12 



ric. Alternatively, It Is also possible to form the first non- 
woven fabric 51 by spinning a partially nnelted fibers 4S 
to the forming surface 2f of the forming die 2 as shown 
in Fig. 9A. The production steps (Figs. 9B and 9C) to 
complete the filter 50 after the first nonwoven fabric 51 
Is fonned are as described above. 
[0059] In this way, In the filter 50 of this embodiment, 
the recesses 51x of the corrugated portion 51 n of the 
first nonwoven fabric 51 are filled with particles of the 
activated carbon 23. Therefore, even If the wall surfaces 
of the recesses 51 x of the conjugated portion 51 n try to 
defomn in the direction In which the wall surfaces tightly 
contact each other by a negative pressure of fluid flow- 
ing through the filter 50, the deformation is suppressed 
by the particles of the activated carbon 23 filled in the 
recesses 51 x. Thus, it is possible to prevent ventilation 
resistance of the filter 50 from being increased. 
[0060] Although an example was given in which the 
particles or the activated carbon 23 are accommodated 
in the recesses 51 x, it is possible to suppress the defor- 
mation of the corrugated portion 51 n of the first nonwo- 
ven fabric 51 by accommodating activated cariDon fiber, 
deodorant or the like instead of or in addition to the ac- 
tivated carbon 23. 

[0061] Also, although the recesses 51x of the corru- 
gated portion 51 n of the first nonwoven fabric 51 have 
Inverse triangular cross sections, the shape of the cross 
sections of the recesses 51 x can be changed appropri- 
ately. 

Fifth Embodiment 

[0062] A filter and a production method according to 
a fifth embodiment of the invention will hereinafter be 
described based on Fig. 10 and Figs. 11 A through 11D. 
As shown in Fig. 10^ in a filter 60 according to the fifth 
embodiment, a retaining mesh 63 for retaining the par- 
ticles of the activated carbon 23 is disposed between 
the first nonwoven fabric 51 and the second nonwoven 
fabric 52 of the filter 50 according to the fourth embod- 
iment. The other structure is the same as that of the filter 
50 according to the fourth embodiment. 
[0063] Next, a production method of the filter 60 will 
be described based on Figs. 11 A through 11 D. 
[0064] First, as shown in Fig. 1 1 A, partially melted fib- 
ers 4S are spun on the fomning surface 2f of the forming 
die 2 from the upstream nozzles 4F to form the first non- 
woven fabric 21 . An existing filter may be used as the 
filet nonwoven fabric 51 as it is, for example, or a flat 
plate-like nonwoven fabric may be pressed to form the 
first nonwoven fabric 51 . 

[0065] The first nonwoven fabric 51 fonned in this 
manner Is transferred to the supply position of the acti- 
vated carbon 23, and as shown in Fig. 11 B, the particles 
of the activated carbon 23 are supplied to the recesses 
Six of the corrugated portion 51 n of the first nonwoven 
fabric 61 . 

[0066] Next, the flat plate-like retaining mesh 63 is set 



so as to cover from the corrugated portion 51 n of the 
first nonwoven fabric 51 to the periphery of that corru- 
gated portion 51 n. When the first nonwoven fabric 51 
covered with the retaining mesh 63 reaches the position 

5 of the downstream nozzles 4K, the partially melted fib- 
ers 4Q spun from the downstream nozzles 4K are de- 
posited on the first nonwoven fabric 51 and the retaining 
mesh 63. With this operation, the second nonwoven fab- 
ric 52 is formed on the first nonwoven fabric 51 and the 

10 retaining mesh 63 by the partially melted fibers 4Q, and 
the filter 60 is complete. 

[0067] In this manner, with the filter 60 according to 
this embodiment, since the flat plate-like retaining mesh 
63 covers the corrugated portion 51 n of the first nonwo- 

*5 ven fabric 51 and the periphery thereof, it is possible to 
reliably prevent the particles of the activated carbon 23 
accommodated in the recesses 51 x of the conugated 
portion 51 n from falling out by using the retaining mesh 
63, and the rigidity of the filler 60 is also enhanced. 

20 [0068] While the systems and methods according to 
this invention have been described in conjunction with 
the specific embodiments described above, many 
equivalent alternatives, modifications and variations will 
become apparent to those skilled in the art once given 

25 this disclosure. Accordingly, the preferred embodiments 
of the invention as set forth above are considered to be 
illustrative and not limiting. Various changes to the de- 
scribed embodiments may be made without departing 
from the spirit and scope of the invention. 

30 [0069] For example, while the filter material of each 
embodiment described above is shown to have a cross- 
sectional shape with triangular corrugations, non-trian- 
gular cross-sections are also possible. For example, un- 
dulating wave-shaped cross sections or scallop-shaped 

35 cross sections are possible. 



Claims 

40 -i. A method of manufacturing a filter medium 
(1 0,40,50), characterized by comprising the steps 
of: 

preparing a first fiber layer (21, 51) having a 
45 shape substantially Identical to a final shape of 

a side surface of said filter medium (1 0, 40, 50); 
disposing a function member (23, 30) on a sur- 
face of said first fiber layer (21 , 51 ); and 
forming a second fiber layer (22, 62) by spin- 
50 , ning partially melted fiber on said function 

member (23, 30) disposed on the surface of 
said first fiber layer (21 , 51 ). 

2. A method according to claim 1 , cliaracterized in 
55 that 

preparing said first fiber layer (21, 51) com- 
prises forming said first fiber layer (21 ,51 ) by spin- 
ning partially melted fiber onto a die surface. 
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3. A method according to claim 1 or 2. characterized 
in that 

disposing said function member (23) compris- 
es inserting said function member (23) Into a recess 
of a bag portion provided In a filter portion of said 
first fiber layer (21 , 51). 

4. A method according to claim 1 or 2, characterized 
in that 

in the Step of disposing said function member 
(30), an outer edge of said function member 
(30) is located inward of an edge of said first 
fiber layer (21 , 51), leaving an edge portion of 
the first fiber layer (21 , 51) exposed, and 
fomning said second fiber layer (22, 52) com- 
prises spinning the partially melted fiber onto 
said function member (30) and the edge portion 
of said first fiber layer (21 , 51 ). 

5. A method according to claim 4, characterized in 
that 

In a state in which said second fiber layer (22, 
52) has plasticity, a portion of said second fiber layer 
(22, 52) superposed on the edge portion of said first 
fiber layer (21, 51) is pressed against said edge por- 
tion. 

6. A method according to claim 1 or 2, characterized 
in that 

In the step of disposing said function member 
(30). an outer edge of said function member (30) is 
located outward of an outer edge of said first fiber 
layer (21). 

7. A filter medium characterized by comprising: 

a first fiber layer (21 , 51) having a shape sul> 
stantially identical to a final shape of a side sur- 
face of the filter medium (1 0, 40, 50) and having 
a filter portion including a bag portion; 
a function member (23, 30) Inserted into said 
bag portion of said first fiber layer (21 , 51 ); and 
a second fiber layer (22, 52) disposed on a sur- 
face of said function member (23. 30), 

8. An intermediate filter medium product, character- 
ized by comprising: 

a die (2) having a die surface with a shape sub- 
stantially identical to a final shape of a filter me- 
dium; 

a first layer (21 , 51 ) of spun-bonded fibers dis- 
posed on the die surtace; 
a function member (23, 30) disposed on a sur- 
face of said first layer (21 , 51 ); and 
a second layer (22, 52) of spun-bonded fibers 
disposed on a surtace of said function member 
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(23, 30). 

9. A filter medium characterized by comprising: 

5 a first fiber layer (51 ) having a shape substan- 

tially identical to a shape of a side surtace of a 
filter medium (60) and having a filter portion in- 
cluding a corrugated portion; 
a function member (23) filled into a recess of 

10 said conxjgated portion of said first fiber layer 

(51); 

a mean (63) covering said function member; 
and 

a second fiber layer (52) laminated on said 
^5 mesh. 

10. A filter medium manufactured by the method of any 
one of claims 1 to 6. 



30 



35 



40 



45 



so 



8MfX)nnir> <FP ii4J¥c>oa2 i > 



EP 1 149 620 A2 




FIG. IB 




F 1 G. 1 C 




23' 1^ f T f^' 
21 2 



10 



EP 1 149 620 A2 



FIG. 2 A 

2 




FIG. 2B 




11 



EP 1 149 620 A2 



FIG. 3A 



Y 




FI G. 3C 



Y 




12 



f 



EP1 149 620 A2 



F I G. 4 A 

30 32 34 R 




FIG. 4B 

22 




32 



21 



BNSOCX^ID: <EP 1149620A2J_> 



13 



EP 1 149 620 A2 



FIG. 5 A 



30 



32 34 R 




F I G. 5B 




30e 



FIG. 5C 



30e 




30e 



14 



EP 1 149 620 A2 



FIG. 6 



10 29 12 




FIG. 7 



50 




51n Six 



15 



EP 1 149 620 A2 



F I G. 8A 




51n Six 



FIG. 8B 



23 




5ln 51x 51 



FIG. 8C 




16 



EP1 149 620 A2 



F I G. 9 A 




FIG. 9B 




FIG. 9C 




5ln Six 2 



17 



EP 1 149 620 A2 




BNSDOCID: <EP 1149620A2 I > 



18 



4. 



EP1 149 620 A2 



FIG. 1 1 A 




23 

FIG. 




FIG. lie 



51n' 51x 

^.^ 




51n 



FIG. 1 ID 




BNSOCCID: <EP 1149e20A2J_> 



19 



EP 1 149 620 A2 



FIG. 12 

RELATED ART 

104 




20 



